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INTRODUCTION 


Although  GRP  receptors  are  known  to  be  overexpressed  in  human  neoplastic  prostate 
tissues,  little  has  been  published  on  the  development  of  radiopharmaceuticals  for 
systemic  evaluation  of  GRP  receptor  agonists  and  antagonists.  The  overall  objective  of 
the  proposed  research  is  to  develop  positron  emitter  labeled  bombesin  analogs  with  high 
affinity  for  the  GRP  receptor  BB2  for  microPET  imaging  of  both  androgen  dependent 
and  androgen  independent  prostate  cancer  xenografted  mice.  Specific  Aims:  (1)  Design, 
synthesize,  and  characterize  positron  emitting  bombesin  analogs,  labeled  with  copper-64 
or  fluorine- 18;  (2)  Conduct  in  vitro  studies  of  copper-64  and  fluorine- 18  labeled 
bombesin  analogs  to  evaluate  the  effect  of  modification  and  radiolabeling  on  the  receptor 
binding  affinity  and  specificity;  (3)  Evaluate  in  vivo  efficacy  of  these  novel 
radiopharmaceuticals  in  the  murine  PC-3  and  22Rvl  human  prostate  cancer  xenograft 
models. 
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BODY 

Lys3-bombesin  ([Lys3]BBN)  was  conjugated  with  1,4,7, 10-tetraazadodecane- 
N,N‘,N”,N’”-tetra acetic  acid  (DOTA)  and  labeled  with  positron  emitter  64Cu  (Fig.  1). 
Specific  activity  of  64Cu-DOTA-[Lys3]BBN  ranged  from  400  to  1,000  Ci/mmol  (15-38 
GBq/pmol).  Competitive  receptor  binding  assay  using  PC-3  cells  against  l25I-[Tyr4]BBN 
revealed  an  IC50  value  of  2.2±0.5  nM  for  DOTA-[Lys3]BBN.  Incubation  of  the  64Cu- 
labeled  radiotracer  showed  temperature-  and  time-dependent  internalization. 


ho2c — /  \ — /  ^ — co2h 


'02C — t  \ — /  v-co2h 

Figure  1.  Schematic  structures  of  DOTA-[Lys3]BBN  conjugate  and  64Cu-DOTA- 
[Lys3]BBN. 

The  radiotracer  revealed  higher  uptake  in  AI  PC-3  tumor  (5.62±0.08  %ID/g  at  30  min 
p.i.)  than  in  AD  CWR22  tumor  (1.75±0.05  %ID/g  at  30  min  p.i.).  Significant 
accumulation  of  the  activity  in  GRPR  positive  pancreas  was  also  observed  (10.4±0.15 
%ID/g  at  30  min  p.i.)  (Fig.  2).  Co-injection  of  blocking  dose  of  [Lys3]BBN  inhibited  the 
activity  accumulation  in  PC-3  tumor  and  pancreas  but  not  in  CWR22  tumor  (Fig.  3). 
MicroPET  and  autoradiographic  imaging  of  64Cu-DOTA-[Lys3]BBN  in  athymic  nude 
mice  bearing  subcutaneous  PC-3  and  22Rvl  tumors  showed  strong  tumor-to-background 
contrast  (Fig.  4).  The  uptake  indices  found  with  microPET  and  QAR  for  PC-3  tumor  and 
pancreas  were  significantly  lower  than  those  obtained  from  direct  tissue  sampling  (Fig. 
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5).  It  is  possible  that  partial  self-inhibition  of  receptor  specific  uptake  in  PC-3  tumor, 
pancreas  and  other  tissues  that  express  the  GRP  receptor  occurred  during  the  imaging 
studies.  Conversely,  the  inability  to  inhibit  CWR22  tumor  activity  accumulation  in  the 
imaging  study  is  consistent  with  the  known  low  GRP  receptor  expression  in  androgen- 
dependent  tumors  such  as  CWR22. 


Figure  2.  Biodistribution  of  64Cu-DOTA-[Lys3]BBN  in  male  athymic  nude  mice  bearing 
s.c.  PC-3  (AI)  and  CWR22  (AD)  tumors.  Mice  were  intravenously  injected  with  10  pCi 
of  radioligand  and  sacrificed  at  15  min,  30  min,  1  h,  2  h  and  4  h.  The  data  are  presented 
as  mean  %  ID/g  ±  SD  (n  =  4).  Sm  int  =  small  intestine. 


Figure  3.  Receptor  blocking  study:  biodistribution  of  64Cu-DOTA-[Lys3]BBN  at  1  h  time 
point  without  (white  bars)  and  with  (black  bars)  co-injection  of  200  pg  of  BBN  to 
determine  GRP  receptor  specific  binding.  Significant  inhibition  of  activity  accumulation 
in  PC-3  tumor  ( p  <  0.001)  and  pancreas  (p  <  0.001)  were  observed.  Data  are  presented  as 
mean  %  ID/g  +  SD  in  reference  to  total  injected  dose  of  the  radiotracer  (n  =  4  for  each 
group). 
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Figure  4.  Left:  Coronal  microPET  image  of  tumor  bearing  mouse  (PC-3  on  the  right 
shoulder  and  CWR22  on  the  right  shoulder)  1  h  after  administration  of  64Cu-DOTA- 
[Lys3]BBN.  Right:  Digital  autoradiograph  of  the  section  containing  tumors. 
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Figure  5.  Kidney,  liver,  PC-3  tumor  and  CWR22  tumor  uptake  comparison  as  obtained 
from  traditional  biodistribution  (n  =  4),  microPET  (n  =  3),  and  autoradiographic 
quantification  (n  =  3).  Quantification  of  microPET  and  autoradiography  revealed  similar 
activity  accumulation  in  both  PC-3  tumor  and  pancreas,  which  were  both  lower  than 
those  obtained  from  biodistribution  study. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


•  [Lys3]bombesin  was  labeled  with  positron  emitter  copper-64  (ti/2  =  12.8  h)  with 
high  specific  activity; 

•  Subcutaneous  PC-3  (AR-)  and  CWR22  (AR-)  tumor  models  developed  in  female 
athymic  nude  mice; 

•  The  radiotracer  64Cu-DOTA-[Lys3]BBN  indicated  GRP  receptor  specific  uptake 
in  PC-3  tumor  and  pancreas; 

•  MicroPET  and  autoradiographic  imaging  of  64Cu-DOTA-[Lys3]BBN  in  athymic 
nude  mice  bearing  subcutaneous  PC-3  and  CWR22  tumors  showed  strong  tumor- 
to-background  contrast. 
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REPORTABLE  OUTCOMES 


Based  upon  the  results  obtained  from  this  funding,  a  manuscript  was  accepted  by  J.  Nucl. 
Med.,  and  one  abstract  submitted  to  the  Academy  of  Molecular  Imaging  was  accepted  for 
oral  presentation. 

Chen  X,  Park  R,  Hou  Y,  Tohme  M,  Shahinian  AH,  Bading  JR,  Conti  PS 
MicroPET  and  Autoradiographic  Imaging  of  GRP  Receptor  Expression  with  64Cu- 
DOTA-[Lys3]bombesin  in  Human  Prostate  Adenocarcinoma  Xenografts 
J.  Nucl.  Med.  2004;  45:  000-000 

Chen  X,  Hou  Y,  Park  R,  Tohme  M,  Shahinian  AH,  Bading  JR,  Conti  PS 

Evaluation  of  64Cu-Labeled  [Lys3]Bombesin  as  PET  Tracer  for  Prostate  Cancer  GRP 

Receptor  Imaging. 

AMI  International  Conference  2004,  Orlando,  FL,  March,  2004. 
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CONCLUSIONS 


Overall,  we  have  successfully  labeled  [Lys3]BBN  with  positron  emitter  Cu-64  for 
microPET  imaging  of  subcutaneous  PC-3  prostate  cancer  tumor  bearing  athymic  nude 
mice  with  good  tumor  to  contralateral  background  ratio.  However,  prominent  liver  and 
kidney  activity  accumulation  of  this  radiotracer  is  problematic.  Further  studies  are  needed 
to  optimize  the  radiotracer  for  prolonged  tumor  retention  and  improved  in  vivo  kinetics. 
Fort  the  remaining  two  years  of  the  funding  period,  a  series  of  bombesin  analogs  will  be 
labeled  with  F-18  and  Cu-64  and  evaluated  for  their  receptor  targeting  abilities  both  in 
vitro  and  in  vivo. 
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ABSTRACT 


Overexpression  of  gastrin-releasing  peptide  (GRP)  receptor  in  both  androgen-dependent 
(AD)  and  androgen-independent  (AI)  human  neoplastic  prostate  tissues  provides  an 
attractive  target  for  prostate  cancer  imaging  and  therapy.  The  goal  of  this  study  is  to 
develop  64Cu-radiolabeled  GRP  analogs  for  positron  emission  tomography  (PET) 
imaging  of  GRPR  expression  in  prostate  cancer  xenografted  mice. 

Methods:  Lys3-bombesin  ([Lys3]BBN)  was  conjugated  with  1, 4,7,1 0-tetraazadodecane- 
N,N’,N”,N” ’-tetraacetic  acid  (DOTA)  and  labeled  with  the  positron  emitting  isotope 
64Cu  (ti/2=  12.8  h,  19%  P+).  Receptor  binding  of  DOTA-[Lys3]BBN  and  internalization 
of  64Cu-  DOTA-[Lys3]BBN  by  PC-3  prostate  cancer  cells  were  measured.  Tissue 
biodistribution,  microPET  and  whole-body  autoradiographic  imaging  of  the  radiotracer 
were  also  investigated  in  PC-3  (androgen-independent)/CRW22  (androgen-dependent) 
prostate  cancer  tumor  models. 

Results:  A  competitive  receptor  binding  assay  using  l25I-[Tyr4]BBN  against  PC-3  cells 
yielded  an  IC50  value  of  2.2  ±  0.5  nM  for  DOTA-[Lys3]BBN.  Incubation  of  cells  with  the 
64Cu-labeled  radiotracer  showed  temperature-  and  time-dependent  internalization.  At 
37°C  more  than  60%  of  the  tracer  was  internalized  within  the  first  15  min  and  uptake 
remained  constant  for  2  h.  Radiotracer  uptake  was  higher  in  AI  PC-3  tumor  (5.62  ±  0.08 
%ID/g  at  30  min  p.i.)  than  in  AD  CWR22  tumor  (1.75  ±  0.05  %ID/g  at  30  min  p.i.). 
Significant  accumulation  of  the  activity  in  GRPR  positive  pancreas  was  also  observed 
(10.4  ±0.15  %ID/g  at  30  min  p.i.).  Co-injection  of  a  blocking  dose  of  [Lys3]BBN 
inhibited  the  activity  accumulation  in  PC-3  tumor  and  pancreas,  but  not  in  CWR22 
tumor.  MicroPET  and  autoradiographic  imaging  of  64Cu-DOTA-[Lys3]BBN  in  athymic 
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nude  mice  bearing  subcutaneous  PC-3  and  CWR22  tumors  showed  strong  tumor-to- 
background  contrast. 

Conclusion:  This  study  demonstrates  that  PET  imaging  of  64Cu-DOTA-[Lys3]BBN  is 
able  to  detect  GRPR-positive  prostate  cancer. 


Keywords:  prostate  cancer,  microPET,  GRP  receptor,  bombesin,  copper-64. 
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INTRODUCTION 


Positron  emission  tomography  (PET)  is  a  high-resolution  and  high-sensitivity  nuclear 
medicine  technique  utilizing  radiopharmaceuticals  that  depict  physiological,  metabolic, 
and  molecular  processes  in  vivo.  The  most  widely  used  agent  is  18F-fluoro-deoxyglucose 
(FDG),  which  accumulates  in  cells  that  have  an  increased  metabolism  either  due  to 
increased  need  for  and/or  an  inefficient  glucose  metabolism,  such  as  cancer.  Although 
FDG-PET  has  been  shown  to  effectively  detect  many  types  of  primary  tumors  and 
metastases,  it  is  not  able  to  reliably  differentiate  benign  hyperplasia  (BHP)  and  prostate 
cancer  (/)  or  even  to  detect  organ-confined  carcinoma  (2).  Uptake  of  FDG  in  prostate 
carcinoma  is  generally  low,  apparently  because  the  glucose  utilization  of  prostate 
carcinoma  cells  is  not  enhanced  significantly  enough  (compared  to  normal  cells)  to  allow 
delineation  of  the  tumor  on  the  PET  scan.  Recent  investigations  of  UC  (3,4)  and  18F  (5-8) 
labeled  choline,  and  1  'C-acetate  (9-12)  indicate  that  these  agents  hold  promise  in  this 
disease.  High  expression  of  receptors  on  prostate  cancer  cells,  as  compared  with  normal 
prostate  tissue  and  peripheral  blood  cells,  provides  the  molecular  basis  for  using 
radiolabeled  receptor  agonists  or  antagonists  to  visualize  prostate  tumors  in  nuclear 
medicine.  Fluorine- 18  labeled  androgens  have  been  used  to  identify  androgen-positive 
tissue  in  primates  (13).  While  this  method  is  useful  in  determining  if  prostate  cancer  is 
hormone  dependent,  it  does  not  provide  a  means  for  detecting  tumors  that  are  hormone 
independent.  Thus,  new  markers  able  to  identify  the  molecular  determinants  of  prostate 
cancer  development  and  progression  regardless  of  androgen  dependence  need  to  be 
investigated. 
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The  G  protein-coupled  gastrin-releasing  peptide  (GRP)  receptor,  mediates  the  diverse 
actions  of  mammalian  bombesin  (BBN)  related  peptide,  GRP.  In  addition  to  its  natural 
presence  in  the  central  nervous  system  and  peripheral  tissues,  GRP  receptor  is 
overexpressed  in  a  number  of  neuroendocrine  tumors  including  prostate  cancer  {14,15). 

In  vitro  receptor  autoradiography  of  human  non-neoplastic  and  neoplastic  prostate  tissue 
sections  with  125I-[Tyr4]bombesin  as  radioligand  indicated  high  density  of  GRPR  in  well 
differentiated  carcinomas  as  well  as  bone  metastases,  but  little  or  no  GRP  receptor  was 
found  in  hyperplastic  prostate  and  glandular  tissue.  This  suggests  that  GRP  receptor  may 
be  an  indicator  of  early  molecular  events  in  prostate  carcinogenesis  and  may  be  useful  in 
differentiating  prostate  hyperplasia  from  neoplasia  {14,15).  GRP  receptor  specific 
binding  of  125I-[Tyr4]bombesin  was  observed  in  human  prostate  cancer  cell  lines  that  are 
androgen-independent  (AI)  but  not  in  those  that  are  androgen-dependent  (AD)  {16).  GRP 
promotes  the  growth  and  invasiveness  of  prostate  cancer  in  vitro,  and  its  secretion  in  vivo 
by  endocrine  cells  is  thought  to  be  partially  responsible  for  AI  progression  of  the  disease 
{1 7)  by  transactivation  and  up-regulation  of  epidermal  growth  factor  (EGF)  receptors 
{18).  Therefore,  the  use  of  GRPR  antagonists  and/or  GRPR-targeting  cytotoxic  peptide 
conjugates  could  be  an  effective  chemotherapeutic  approach  {19).  In  nuclear  medicine, 
suitably  radiolabeled  bombesin  analogs  have  great  potential  for  early  noninvasive 
diagnosis  as  well  as  radiotherapy  of  prostate  cancer  {20,21). 

Gamma-emitting  (y)  "mTc  labeled  bombesin  analogs  have  been  synthesized  and 
evaluated  in  vivo  in  normal  mice  {22,23)  and  PC-3  tumor-bearing  mice  {24,25),  and  have 
undergone  feasibility  testing  in  human  patients  {21).  Although  y  emitters  currently  are 
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more  readily  available  relative  to  positron  (P+)  emitting  radionuclides,  the  sensitivity  of 
PET  is  at  least  1-2  orders  of  magnitude  better  than  that  of  single  photon  imaging  systems 
(26).  The  acquisition  of  higher  count  statistics  permits  detection  of  smaller  tumors  for  a 
given  amount  of  radioactivity. 

Recently  Rogers  et  al  (27)  labeled  DOTA-Aoc-BBN(7-14)  with  64Cu  and  applied  this 
radiotracer  to  subcutaneous  PC-3  xenografts.  Although  the  tumor  was  well  visualized, 
however,  the  sustained  blood  concentration  and  persistent  liver  and  kidney  retention 
limited  potential  clinical  application  of  this  tracer.  In  the  present  work,  we  evaluated  the 
DOTA-[Lys3]BBN  conjugate  complexed  with  64Cu  for  in  vitro  receptor  binding  assay  in 
PC-3  cells,  for  tumor  targeting  and  in  vivo  kinetics  by  direct  tissue  sampling,  and  for 
visualization  of  prostate  cancer  tumors  by  microPET  and  whole-body  autoradiography. 


Materials  and  Methods 


Chemistry  and  Radiochemistry 

[Lys3]bombesin  ([Lys3]BBN,  American  Peptide,  Inc.,  San  Jose,  CA)  was 
conjugated  with  1 ,4,7, 1 O-tetraazadodecane-A/yV  ’,yV  ’  ’,N  ’  ’  ’-tetraacetic  acid  (DOTA)  via  in 
situ  activation  and  coupling.  Typically,  DOTA,  l-ethyl-3-[3- 

(dimethylamino)propyl]carbodiimide  (EDC),  and  A-hydroxysulfonosuccinimide  (SNHS) 
at  a  molar  ratio  of  DOTA  :  EDC  :  SNHS  =  10  :  5:4  were  mixed  and  reacted  at  4°C  for 
30  min  (pH  =  5.5).  The  sulfosuccinimidyl  ester  of  DOTA  (DOTA-OSSu)  prepared  above 
without  purification  was  then  reacted  with  [Lys3]BBN  in  a  theoretical  stoichiometry  of 
5:1  and  allowed  to  stand  at  4°C  overnight  (pH  8.5-9. 0).  The  DOTA-[Lys3]BBN  conjugate 
was  then  purified  by  semi-preparative  HPLC  using  a  Waters  515  chromatography  system 
with  a  Vydac  protein  and  peptide  column  (218TP510,  5  pm,  250  x  10  mm).  The  flow 
was  3  mL/min,  with  the  mobile  phase  starting  from  95%  solvent  A  (0.1%  TFA  in  water) 
and  5%  solvent  B  (0.1%  TFA  in  acetonitrile)  (0-2  min)  to  35%  solvent  A  and  65% 
solvent  B  at  32  min.  The  peak  containing  the  DOTA  conjugate  was  collected, 
lyophilized,  and  dissolved  in  H2O  at  a  concentration  of  1  mg/mL  for  use  in  radiolabeling 
reactions.  Analytical  HPLC  was  performed  on  the  same  pump  system  using  a  Vydac 
218TP54  column  (5  pm,  250  x  4.6  mm)  and  flow  rate  of  1  mL/min. 

Copper-64  was  produced  on  a  CS-15  biomedical  cyclotron  at  Washington 
University  School  of  Medicine.  The  DOTA-[Lys3]BBN  conjugate  was  labeled  with  64Cu 
by  addition  of  1-5  mCi  of  64Cu  (2-5  pg  DOTA-[Lys3]BBN  conjugate  per  mCi  64Cu)  in 
0.1  N  NaOAc  (pH  5.5)  buffer  followed  by  45  min  incubation  at  50°C.  The  reaction  was 
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terminated  by  adding  5  pL  of  10  mM  EDTA  solution  and  radiochemical  yield  was 
determined  by  Radio-TLC  using  Whatman  MKC18F  TLC  plates  as  the  stationary  phase 
and  70:30  MeOH:  10%  NaOAc  as  the  eluent.  64Cu-DOTA-RGD  was  purified  on  a  C-18 
SepPak  cartridge,  using  85%  ethanol  as  the  elution  solvent.  Radiochemical  purity  was 
determined  by  radio-TLC  or  radio-HPLC.  The  ethanol  was  evaporated  and  the  activity 
was  reconstituted  in  phosphate-buffered  saline  and  passed  through  a  0.22  pm  Millipore 
filter  into  a  sterile  multidose  vial  for  in  vitro  and  animal  experiments. 

In  Vitro  Receptor  Binding  Studies. 

In  vitro  GRP  receptor  binding  affinities  and  specificities  of  the  DOTA-[Lys3]BBN 
conjugate  were  assessed  via  displacement  cell-binding  assays  using  125I-[Tyr4]BBN 
(Perkin-Elmer  Life  Sciences  Products,  Inc.,  Boston,  MA)  as  the  GRP  receptor  specific 
radioligand.  Experiments  were  performed  on  PC-3  (androgen-independent)  human 
prostate  cancer  cells  (ATCC,  Manassas,  VA)  by  modification  of  a  method  previously 
described  (25).  Briefly,  cells  were  grown  in  Ham’s  F-12K  medium  supplemented  with 
10%  fetal  bovine  serum  (FBS).  PC-3  cells  were  harvested  and  seeded  in  24-well  plates  at 
105  cells  per  well.  Twenty-four  hours  later,  the  cells  were  washed  twice  with  binding 
buffer  containing  50  mM  HEPES,  125  mM  NaCl,  7.5  mM  KC1,  5.5  mM  MgCl2,  1  mM 
EGTA,  2  mg/mL  BSA,  2  mg/L  chymostatin,  100  mg/L  soybean  trypsin  inhibitor,  and  50 
mg/L  bacitracin  at  pH  7.4  and  then  incubated  for  1  h  at  37°C  with  20,000  cpm  of  125I- 
[Tyr4]BBN  (specific  activity:  2,000  Ci/mmol)  in  the  presence  of  increasing 
concentrations  of  DOTA-[Lys3]BBN  conjugate  ranging  from  0  to  2,000  nM.  After 
incubation,  the  cells  were  washed  twice  with  binding  buffer  and  solubilized  with  1  N 
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NaOH  and  activity  was  measured  in  a  y-counter  (Packard).  The  IC50  value  for  the 
displacement  binding  of  125I-[Tyr4]BBN  by  DOTA-[Lys3]BBN  conjugate  was  calculated 
by  non-linear  regression  analysis  using  the  GraphPad  Prism™  computer  fitting  program 
(GraphPad  Software,  Inc.,  San  Diego,  CA).  Experiments  were  done  twice  with  triplicate 
samples. 

Internalization  Studies 

Internalization  of  64Cu-DOTA-[Lys3]BBN  was  measured  by  modifying  a 
previously  described  technique  (25).  Briefly,  PC-3  (androgen  independent)  cells  were 
incubated  in  triplicate  in  6-well  plates  with  about  200,000  cpm  of  64Cu-labeled  tracer 
with  or  without  an  excess  of  1  pM  bombesin  for  2  h  at  4  °C.  After  the  preincubation, 
cells  were  washed  with  ice-cold  binding  buffer  to  remove  free  radioligand  and  then 
incubated  with  previously  warmed  binding  buffer  at  37  °C  for  0, 15,  30  and  120  min  for 
internalization.  The  percentage  of  64Cu  activity  trapped  in  the  cells  was  determined  after 
removing  64Cu  activity  bound  to  the  cell  surface  by  washing  twice  with  acid  (50  mM 
glycine  and  0.1  M  NaCl,  pH  2.8).  Cells  were  then  solubilized  by  incubating  with  1  N 
NaOH  and  counted  to  determine  internalized  radioligand. 

Biodistribution 

Human  prostate  cancer  carcinoma  xenografts  were  induced  by  subcutaneous 
injection  of  107  PC-3  (androgen-independent)  cells  to  the  left  front  leg  and  107  CWR22 
(androgen-dependent)  cells  to  the  right  front  leg  of  4-6  week  old  male  athymic  nude  mice 
(Harlan,  Indianapolis,  IN).  Three  to  4  weeks  later,  when  the  tumors  reached  0.4-0. 6  cm 
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diameter,  the  mice  were  injected  with  10  jaCi  of  DOTA-[Lys3]BBN  intravenously  into 
the  tail  vein.  Mice  (n  =  4  per  time  point)  were  sacrificed  by  cervical  dislocation  at 
different  time  points  post-injection  (p.i.).  Blood,  tumor  and  the  major  organs  and  tissues 
were  collected,  wet-weighed,  and  counted  in  a  y-counter  (Packard).  The  percent  injected 
dose  per  gram  (%ID/g)  was  determined  for  each  sample.  For  each  mouse,  radioactivity  of 
the  tissue  samples  was  calibrated  against  a  known  aliquot  of  the  injectate.  Values  are 
quoted  as  mean  ±  standard  deviation  (SD).  The  receptor-mediated  localization  of  the 
radiotracers  was  investigated  by  determining  the  biodistribution  of  radiolabeled  peptide 
in  the  presence  of  1  mg/kg  and  10  mg/kg  of  BBN  at  1  h  p.i.  (n  =  4). 

MicroPET  Imaging 

Positron  emission  tomography  (PET)  imaging  was  performed  on  a  microPET  R4 
rodent  model  scanner  (Concorde  Microsystems  Inc,  Knoxville,  TN).  The  scanner  has  a 
computer-controlled  bed,  10.8  cm  transaxial  and  8  cm  axial  field  of  view  (FOV).  It  has 
no  septa  and  operates  exclusively  in  3  D  list  mode.  All  raw  data  were  first  sorted  into  3D 
sinograms,  followed  by  Fourier  rebinning  and  2D  filtered  back  projection  image 
reconstruction  using  a  ramp  filter  with  the  Nyquist  limit  (0.5  cycles/voxel)  as  the  cut-off 
frequency.  For  PET  imaging  of  prostate  cancer-bearing  mice,  the  animals  were  injected 
with  400  pCi  64Cu-DOTA-[Lys3]BBN  via  the  tail  vein.  The  mouse  was  then  euthanized 
at  1  h  p.i.  and  placed  near  the  center  of  the  FOV  of  the  microPET,  where  the  highest 
image  resolution  and  sensitivity  are  available.  Static  imaging  was  performed  for  20  min 
(n  =  3).  For  receptor  blocking  experiment,  one  mouse  bearing  PC-3  tumor  on  the  right 
front  leg  was  imaged  (20  min  static  scan  at  1  h  postadministration  of 400  pCi  64Cu- 
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DOTA-[Lys3]BBN)  twice  two  days  apart:  (a)  without  co-injection  with  BBN;  (b)  with  10 
mg/kg  BBN.  No  attenuation  correction  was  applied  to  the  microPET  scans.  Instead,  the 
attenuation  correction  factors  were  incorporated  into  the  system  calibration.  In  brief,  a 
vial  with  similar  volume  (30  mL,  5  cm  in  diameter)  to  a  nude  mouse  body  was  filled  with 
a  known  amount  of  64CuCl2  and  scanned  for  1  h.  The  static  scan  was  reconstructed  with 
the  FBP  protocol  and  the  count  rate  from  the  images  of  the  phantom  was  compared  with 
the  known  activity  concentration  to  obtain  a  system  calibration  factor.  With  this 
approach,  uptake  index  ( =  ROl  (pCi/mL)/injected  dose  (pCi)  x  100%)  of  tissues  and 
organs  of  interest  were  consistent  with  the  %  ID/g  value  obtained  from  direct  tissue 
sampling  after  the  microPET  imaging.  The  error  was  within  5-10%. 

Whole-Body  Autoradiography 

Autoradiography  was  performed  using  a  Packard  Cyclone  Storage  Phosphor 
Screen  system  (Downers  Grove,  IL)  and  a  Bright  5030/WD/MR  cryomicrotome  (Hacker 
Instruments,  Fairfield,  NJ).  Immediately  after  microPET  scanning,  the  mice  were  frozen 
in  a  dry  ice  and  isopropyl  alcohol  bath  for  two  minutes.  The  bodies  were  then  embedded 
in  a  4%  carboxymethyl  cellulose  (CMC)  (Aldrich,  Milwaukee,  WI)  in  water  mixture 
using  a  stainless  steel  and  aluminum  mold.  The  mold  was  placed  in  the  dry  ice  and 
isopropyl  alcohol  bath  for  five  minutes  and  then  into  a  -20°C  freezer  for  one  hour.  The 
walls  of  the  mold  were  removed,  and  the  frozen  block  was  mounted  in  the 
cryomicrotome.  The  block  was  cut  into  50  pM  sections,  and  desired  sections  were 
digitally  photographed  and  captured  for  autoradiography.  The  sections  were  transferred 
into  a  chilled  autoradiography  cassette  containing  a  Super  Resolution  screen  (Packard, 
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Meriden,  CT)  and  kept  there  overnight  at  -20°C.  Screens  were  read  with  the  Packard 
Cyclone  laser  scanner.  Quantification  of  autoradiographic  images  was  validated  by  a 
direct  tissue  sampling  technique.  In  brief,  50  micron  slices  of  tumor  tissue  were  cut  and 
exposed  to  Super  Resolution  Screen  for  24  h,  the  ROIs  drawn  from  the  autoradiographs 
were  described  as  detector  light  units  (DUL)  per  mm2  and  correlated  with  direct  gamma 
counter  assays  of  the  tissue  samples  scooped  out  of  the  frozen  block  (n  =  3).  A  linear 
relationship  between  tissue  %ID/g  and  autoradiography  image  intensity  was  obtained, 
and  the  conversion  factor  thus  obtained  was  thus  used  for  autoradiography  quantification. 

Statistic  Analysis. 

The  data  were  expressed  as  means  ±  SD.  One-way  analysis  of  variance  (ANOVA)  was 
used  for  statistical  evaluation.  Means  were  compared  using  Student’s  t-test.  P  values  < 
0.05  were  considered  significant. 
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RESULTS 


Synthesis  and  Radiolabeling 

The  DOTA-[Lys3]BBN  conjugate  (Figure  1)  was  produced  in  75%  yield  after 
HPLC  purification.  The  retention  time  of  this  compound  on  HPLC  was  18.5  min, 
whereas  [Lys3]BBN  eluted  at  19.2  min  under  the  same  conditions.  MALDI-TOF-MS:  m/z 
=  1976  for  [M+H]+  (C87H137N26O26S),  1998  for  [M  +  Na]+,  and  2014  for  [M  +  K]+.  64Cu- 
DOTA-[Lys3]BBN  was  labeled  in  >  90%  radiochemical  yield  and  >  98%  radiochemical 
purity,  and  was  used  immediately  for  in  vitro  and  in  vivo  assays.  Free  64Cu-acetate 
remained  at  the  origin  of  the  radio-TLC  plate  and  Rf value  of  64Cu-DOTA-[Lys3]BBN 
was  about  0.5.  Specific  activity  of  64Cu-DOTA-RGD  ranged  from  400  to  1,000  Ci/mmol 
(15-38  GBq/pmol). 

In  Vitro  Receptor  Binding  Assay 

The  binding  affinity  of  DOTA-[Lys3]BBN  conjugate  for  GRP  receptor  was  tested 
for  androgen-independent  human  prostate  cancer  PC-3  cells.  As  seen  in  Figure  2,  the 
data  show  a  typical  sigmoid  curve  for  the  displacement  of  125I-[Tyr4]BBN  from  PC-3 
cells  as  a  function  of  increasing  concentrations  of  the  DOTA-[Lys3]BBN  conjugate.  The 
IC50  value  was  determined  to  be  2.2  ±  0.5  nM.  In  the  absence  of  DOTA-[Lys3]BBN 
competitor,  approximately  10%  of  added  125I-[Tyr4]BBN  was  bound.  Only  about  1%  of 
added  radioligand  was  bound  to  the  cells  in  the  presence  of  1  pM  of  DOTA-[Lys3]BBN, 
suggesting  that  90%  of  bound  125I-[Tyr4]BBN  was  GRP  receptor  specific. 
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The  internalization  of  64Cu-DOTA-[Lys3]BBN  into  PC-3  cells  is  described  in  Figure  3. 
The  rate  of  internalization  was  time  and  temperature  dependent.  At  4°C,  cell  surface 
binding  occurred  but  internalization  was  minimal  (<  10%).  Incubation  at  37°C  showed 
rapid  internalization  rate  with  65  ±  10  %  of  radioactivity  internalized  by  30  min. 

Biodistribution  Studies 

Summary  of  the  biodistribution  data  for  64Cu-DOTA-[Lys3]BBN  in  PC-3/CWR22 
tumor-bearing  mice  is  shown  in  Figure  4.  This  radiotracer  had  rapid  blood  clearance  with 
only  0.30  ±  0.04  %ID/g  remaining  in  the  circulation  at  1  h  with  further  decrease  at  2  h 
and  4  h  time  points.  Tumor-to-blood  ratios  at  1  h  were  13.1  ±  2.3  and  4.1  ±  1.3  for  PC-3 
and  CWR22  tumors,  respectively.  Liver  uptake  reached  maximum  at  1  h  (4.18  ±  0.63 
%ID/g)  and  declined  to  2.09  ±  0.5  %ID/g  at  2  h  p.i.  The  rapid  decrease  of  activity 
accumulation  in  the  kidneys  suggests  a  predominant  renal  clearance  pathway  of  this 
radiotracer.  A  significant  uptake  of  64Cu-DOTA-[Lys3]BBN  in  the  GRP  receptor-bearing 
pancreas  was  observed  (10.4  ±  0.14  %ID/g  at  30  min  after  injection  and  6.08  ±  0.18 
%ID/g  after  2  h).  Results  indicated  GRP  receptor  specific  uptake  in  PC-3  tumor  and 
pancreas  (Figure  5),  which  was  confirmed  by  the  receptor  blocking  study  at  1  h  time 
point  as  the  uptake  in  these  tissues  were  effectively  inhibited  upon  co-injection  of  10 
mg/kg  BBN  (7.83  ±  0.52  %ID/g  vs.  0.52  ±  0.05  %ID/g  for  pancreas,  p  <  0.001;  3.97  ± 
0.15  %ID/g  vs.  1.35  ±  0.24  %ID/g  for  PC-3  tumor,/?  <  0.001).  Co-injection  of  1  mg/kg 
BBN  resulted  in  partial  inhibition  of  activity  accumulation  in  PC-3  tumor  (2.08  ±  0.35 
%ID/g)  and  pancreas  (2.75  ±  0.43  %ID/g).  Activity  accumulation  in  the  androgen- 
dependent  CWR22  tumor  was  not  affected  by  the  administration  of  BBN.  No  significant 
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changes  of  uptake  in  other  normal  organs  were  seen  except  for  the  kidneys,  which  had 
increased  uptake  in  the  blocked  vs.  the  control  mice  (p  <  0.01),  presumably  due  to 
decreased  specific  binding  in  tissues. 

MicroPET  and  Autoradiographic  Imaging 

The  localization  of  64Cu-DOTA-[Lys3]BBN  in  PC-3/CWR22  tumor-bearing  mice 
as  determined  by  microPET  imaging  followed  by  whole-body  autoradiography  is 
depicted  in  Figure  6.  On  the  left  is  a  coronal  image  of  a  tumor-bearing  mouse  1  h  after 
administration  of 400  pCi  of  64Cu-DOTA-[Lys3]BBN.  The  microPET  image  is 
concordant  with  a  whole-body  autoradiographic  section  seen  on  the  right.  Both  PC-3 
(left)  and  CWR22  (right)  tumors  were  visible  with  clear  contrast  from  the  adjacent 
background.  Prominent  uptake  was  also  observed  in  the  liver  and  kidneys,  and  clearance 
of  the  activity  through  the  urinary  bladder  is  evident.  Uptake  indices  at  1  h  derived  from 
microPET  (tail  vein  injection  of 400  pCi  activity)  and  quantitative  autoradiography 
(QAR)  are  compared  with  data  obtained  from  direct  tissue  sampling  (tail  vein  injection  of 
10  pCi  activity)  in  Figure  7.  The  results  from  microPET  ROI  analysis  agreed  with  the 
results  obtained  from  autoradiographic  quantification  for  the  organs  and  tissues 
examined.  It  is  noticeable  that  PC-3  tumor  and  pancreas  uptake  obtained  from  microPET 
and  QAR  were  significantly  lower  than  those  obtained  from  the  direct  biodistribution 
measurement.  Figure  8  shows  transaxial  microPET  images  of  PC-3  tumor-bearing  nude 
mouse,  1  h  after  administration  of  64Cu-DOTA-[Lys3]BBN,  with  and  without  a  co¬ 
injection  of  10  mg/kg  BBN.  There  is  a  clear  visualization  of  the  PC-3  tumor  in  the  animal 
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on  the  left  without  the  presence  of  competitor.  Conversely,  the  same  mouse  that  received 
a  blocking  dose  of  BBN  showed  reduced  tracer  localization  in  the  tumor. 


DISCUSSION 


This  study  showed  that  suitably  labeled  bombesin  analogs  can  be  used  to  image 
both  androgen-independent  (AI)  and  androgen-dependent  (AD)  prostate  cancer  in 
preclinical  animal  models.  In  particular,  this  study  demonstrated  that  AI  PC-3  but  not  AD 
CWR22  prostate  cancer  tumor  has  GRP  receptor  specific  activity  accumulation. 

The  overexpression  of  peptide  receptors  in  human  tumors  is  of  considerable 
interest  for  tumor  imaging  and  therapy.  Because  of  their  small  size,  peptides  have  faster 
blood  clearance  and  higher  target-to-background  ratios  compared  to  macromolecular 
compounds.  Radiolabeled  receptor-binding  peptides  have  recently  emerged  as  a  new 
class  of  radiopharmaceuticals.  Various  peptides  have  been  used  for  tumor  scintigraphy. 
For  example,  somatostatin  receptors,  which  are  highly  expressed  in  most  neuroendocrine 
tumors,  have  been  targeted  successfully  for  both  imaging  and  therapy  with  octroetide. 
The  long-term  treatment  of  patients  with  octreotide  has  been  successful  in  relieving  the 
symptoms  resulting  from  excessive  hormone  production  by  the  tumors  (28).  The  use  of 
radiolabeled  somatostatin  analogs  has  permitted  imaging  as  well  as  therapy  of 
neuroendocrine  tumors  and  their  metastases  in  patients  (29).  Similar  targeting  strategies 
have  also  been  applied  to  vasoactive  intestinal  peptide  receptors  in  epithelial  tumors  (30) 
and  cholecystokinin-B  receptors  in  medullary  thyroid  carcinomas  and  small  cell  lung 
cancers  (31).  Recently,  we  and  other  groups  have  labeled  cyclic  RGD  peptides  with 
various  radionuclides  for  imaging  of  tumor  angiogenesis  (32,33).  Overexpression  of  the 
G  protein-coupled  gastrin-releasing  peptide  (GRP)  receptor  in  a  variety  of  neoplasias, 
such  as  breast,  prostatic,  pancreatic  and  small  cell  lung  cancers  was  prompted  the 
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development  of  gamma-emitting  or  positron-emitting  radionuclides  labeled  GRP  analogs 
for  SPECT  ( 20-25,34 )  and  PET  (27)  imaging  of  GRP  receptor  positive  tumors. 

Since  the  native  bombesin  peptide  (BBN)  has  a  pyroglutamic  acid  at  the  N- 
terminus  and  an  amidated  methionine  at  the  C-terminus,  further  modification  and 
radiolabeling  of  this  peptide  with  metallic  radionuclides  is  not  possible.  Efforts  have  been 
made  to  design  derivatized  BBN  analogs  for  binding  and  pharmacokinetics  studies. 
Becasue  BBN  agonists  are  generally  preferable  to  BBN  antagonists  for  receptor  specific 
internalization,  most  BBN  analogs  with  amidated  C-terminus  that  have  been  developed 
are  agonists.  Because  the  C-terminus  is  directly  involved  in  the  specific  binding 
interaction  with  the  GRP  receptor,  the  truncated  C-terminal  heptapeptide  sequence  Trp- 
Ala-Val-Gly-His-Leu-Met  (BBN(8-14))  must  be  maintained  or  minimally  substituted. 
Several  strategies  have  been  applied  to  develop  radiometallated  BBN-analogous 
conjugates.  For  example,  the  N-terminal  Glp  of  BBN  has  been  replaced  by  Pro  and 
subsequently  conjugated  with  DOTA  and  DTPA  for  11 'in  labeling  ( 35,36 );  Arg3  was 
substituted  with  Lys3  and  a  N2S2  ligand  was  attached  to  the  Lys  side  chain  e-amino  group 
for  "mTc  labeling  (22)  or  DOTA  and  DTPA  attached  to  Lys3  of  [Lys3,Ty4]BBN  for  "'in 
labeling  (55).  Most  of  the  studies  reported  to  date  used  a  C-terminal  amidated  BBN  (8- 
14)  in  which  radiometal  chelate  was  linked  to  the  truncated  small  peptide  (37,38)  for 
"mTc  labeling.  Recently,  Rogers  et  al  (27)  reported  64Cu-labeled,  DOTA-conjugated,  8- 
aminooctanoic  acid  (Aoc)  linker  modified  BBN(7-14)  for  microPET  imaging  of 
subcutaneous  PC-3  tumor  models.  The  strategy  used  in  our  laboratory  has  focused 
primarily  on  modification  of  the  Lys3  residue  of  [Lys3]BBN  with  various  linkers  and 
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chelators  for  diagnostic  and  therapeutic  applications.  This  study  reports  64Cu-labeled 
DOTA-[Lys3]BBN  for  microPET  imaging  of  both  AI  and  AD  tumor  models. 

In  contrast  to  many  other  investigators  who  tried  to  conjugate  DOT  A  chelator  to 
peptides  via  solid-phase  synthesis  using  DOTA-tris(/er/-butyl  ester)  followed  by  TFA 
cleavage  and  deprotection,  we  found  that  the  incorporation  yield  of  tri-tert-butyl  ester 
protected  DOTA  to  fully  protected  peptides  fixed  on  resin  was  low  due  to  steric 
hindrance  of  the  bulky  protecting  groups.  Purification  of  the  peptide  conjugates  was 
difficult  due  to  the  fact  that  DOTA-peptide  conjugates  usually  had  similar  retention  time 
to  those  of  the  parent  peptides.  We  also  found  it  more  convenient  to  prepare  DOTA- 
peptide  conjugates  in  buffer  solutions  via  in  situ  activation  of  DOTA.  The  retention  time 
of  DOTA-[Lys3]BBN  is  less  1  min  different  from  that  of  [Lys3]BBN  under  the  HPLC 
condition  in  this  report.  However,  the  use  of  an  excess  amount  of  DOTA  for  conjugation 
resulted  in  almost  complete  conversion  of  [Lys3]BBN  to  DOTA-[Lys3]BBN.  The 
radiolabeling  of  DOTA-[Lys3]BBN  with  64Cu  was  performed  with  high  yield.  Unreacted 
copper-64  was  easily  removed  by  simple  Ci8  cartridge  elution. 

DOTA-[Lys3]BBN  had  high  affinity  for  the  GRP  receptor  (IC50  =  2.2  ±  0.5  nM, 
Figure  2)  similar  to  that  of  bombesin  (1.5  nM)  (25).  This  study  agrees  with  the  findings 
by  Baidoo  et  al  (22)  that  modification  of  the  Lys3  s-amino  group  has  little  effect  on  the 
receptor  binding  characteristics  of  the  peptide.  64Cu-labeled  DOTA-[Lys3]BBN  was 
rapidly  internalized  by  PC-3  cells,  consistent  with  the  expected  agonistic  behavior  of  this 
radiotracer  against  GRP  receptor.  Maximum  internalization  and  retention  of  the 
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radioactivity  by  tumor  cells  is  needed  for  diagnostic  and/or  therapeutic  efficacy  of 
radiopharmaceuticals.  There  was  limited  efflux  of  64Cu  activity  from  the  PC-3  cells 
within  the  period  of  investigation  (2  h),  presumably  due  to  residualization  of  64Cu  from 
GRP  receptor  mediated  entrapment  of  the  tracer  in  lysosomes  (39,40)  and  subsequent 
degradation  by  lysosomal  proteases.  Similar  results  have  been  obtained  with  other 
radiolabeled  BBN  analogs. 

Biodistribution  studies  were  performed  on  both  PC-3  (AI)  and  CWR22  (AD) 
tumor-bearing  mice.  It  has  been  reported  that  AI  tumor  cells  express  GRP  receptors  at 
significantly  higher  levels  than  do  AD  tumor  cells  (16).  In  the  current  study,  activity 
accumulation  from  64Cu-DOTA-[Lys3]BBN  by  AI  PC-3  tumors  was  significantly  higher 
than  by  AD  CWR22  tumors.  It  is  interesting  to  notice  that  receptor  blocking  did  not 
reduce  the  uptake  in  CWR22  tumor,  whereas  the  activity  in  GRP  receptor  positive  PC-3 
tumor  and  pancreas  were  effectively  inhibited.  Fast  blood  clearance  of  radiotracer  after 
30  min  postadministration  might  have  been  due  to  little  binding  of  the  degradation 
metabolites  to  plasma  proteins.  This  is  very  different  from  the  in  vivo  behavior  of  64Cu- 
DOTA-Aoc-BBN(7-14)  (27),  which  exhibited  persistent  blood  retention  up  to  24  h 
postinjection,  and  higher  normal  tissue  uptake  than  that  reported  in  this  and  other  studies. 
A  high  degree  of  plasma  protein  binding  of  the  relatively  lipophilic  Aoc  linker  as  well  as 
transchelation  of  Cu2+  to  albumin  and  superoxide  dismutase  may  have  caused  the 
unfavorably  high  liver  activity  accumulation.  Smith  et  al.  (38)  also  reported  that  a  long 
aliphatic  linker  is  responsible  for  prolonged  retention  in  blood  and  decreased  pancreatic 
uptake. 
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Although  "mTc-labeled  GRP  analogs  have  receptor  specific  tumor  activity  accumulation, 
the  absolute  tumor  uptake  is  rather  low  (less  than  1%  %ID/g  at  1  h  postinjection).  64Cu- 
labeled  BBN  analogs  reported  here  and  by  Rogers  et  al  (27)  gave  much  higher  tumor 
uptake  and  more  persistent  tumor  retention.  Further  investigations  are  needed  to  fully 
understand  the  effect  of  radiochelate  characteristics,  linker  properties,  and  peptide 
sequences  on  tumor  targeting  ability  and  excretion  kinetics.  As  opposed  to  64Cu-DOTA- 
Aoc-BBN(7-14),  which  had  both  hepatobiliary  and  renal  excretion  pathways,  64Cu- 
DOTA-[Lys3]BBN  was  excreted  rapidly  via  the  renal  route.  This  suggests  that  insertion 
of  a  rather  hydrophobic  aliphatic  acid  linker  to  separate  the  radiolabel  from  the  receptor 
targeting  peptide  moiety  is  probably  not  beneficial  for  optimization  of  such  radioligands. 

MicroPET  imaging  of  64Cu-DOTA-[Lys3]BBN  in  mice  bearing  both  AI  PC-3  and  AD 
CWR22  tumors  1  h  after  injection  of  radioactivity  revealed  high  tumor-to-background 
ratio  for  both  tumor  types  (Figure  6).  The  uptake  indices  found  with  microPET  and  QAR 
for  PC-3  tumor  and  pancreas  were  significantly  lower  than  those  obtained  from  direct 
tissue  sampling  (Figure  7).  Assuming  the  specific  activity  of  the  radiotracer  to  have  been 
500  mCi/pmol  at  the  time  of  tail  vein  injection,  the  injection  administered  for  microPET 
imaging  contained  about  2  pg  BBN  peptide  (400  pCi),  while  the  amount  of  activity 
administered  for  the  biodistribution  experiment  contained  only  50  ng  BBN  peptide  (10 
pCi).  It  is  possible  that  partial  self-inhibition  of  receptor  specific  uptake  in  PC-3  tumor, 
pancreas  and  other  tissues  that  express  the  GRP  receptor  occurred  during  the  imaging 
studies.  Conversely,  the  inability  to  inhibit  CWR22  tumor  activity  accumulation  in  the 
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imaging  study  is  consistent  with  the  known  low  GRP  receptor  expression  in  androgen- 
dependent  tumors  such  as  CWR22  (16). 

We  anticipate  that  quantitative  imaging  with  microPET  in  living  animals,  based 
upon  the  overexpression  of  GRP  receptor  in  invasive  prostate  cancer,  could  potentially  be 
translated  into  clinical  settings  to  detect  androgen-independent  prostate  cancer. 

Successful  targeting  of  this  molecular  pathway  would  have  diagnostic,  as  well  as 
potential  radio-  and  chemo-therapeutic  implications.  The  ability  to  document  GRP 
receptor  density  and  the  appropriate  selection  of  patients  entering  clinical  trials  for  anti- 
GRP  receptor  treatment.  PET  imaging  of  prostate  cancer  with  64Cu-labeled  bombesin 
analogs  will  be  useful  for  determining  dosimetry  and  tumor  response  to  the  same  ligand 
labeled  with  therapeutic  amounts  of  67Cu  for  internal  radiotherapy. 


CONCLUSION 


[Lys3]BBN  when  conjugated  with  a  macrocyclic  DOTA  chelating  group  and 
radiolabeled  with  the  positron  emitting  radionuclide  copper-64  exhibits  high  GRP 
receptor  binding  affinity  and  specificity  and  rapid  internalization  in  androgen- 
independent  PC-3  prostate  cancer  cells.  Specific  localization  of  64Cu-DOTA-[Lys3]BBN 
to  PC-3  tumor  and  GRP  receptor  positive  tissues  was  confirmed  by  biodistribution, 
microPET  imaging  and  autoradiographic  imaging  studies.  Reduced  tumor  uptake  in  PC-3 
tumor  but  not  CWR22  tumor  in  high  dose  microPET  and  autoradiography  studies 
compared  to  low  dose  biodistribution  studies  further  illustrates  high  affinity  and  low 
capacity  characteristics  of  the  GRP  receptor  in  AI  tumors.  The  activity  accumulation  in 
CWR22  tumor  is  attributed  to  non-specific  uptake.  Further  studies  to  evaluate  the 
metabolic  stability  and  optimization  of  the  radiotracers  for  prolonged  tumor  retention  and 
improved  in  vivo  kinetics  is  currently  in  progress. 
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Figure  Captions 

Figure  1.  Schematic  structures  of  DOTA-[Lys3]BBN  conjugate  and  64Cu-DOTA- 
[Lys3]BBN. 

Figure  2.  Inhibition  of  l25I-[Tyr3]BBN  binding  to  the  GRP  receptor  on  human  prostate 
cancer  cell  line  PC-3  by  DOTA-[Lys3]BBN  conjugate  (IC50  =  2.2  ±  0.1  nM).  Results 
expressed  as  percentage  of  binding  are  mean  ±  SD  of  2  experiments  in  triplicate. 

Figure  3.  Time-dependent  internalization  of  64Cu-DOTA-[Lys3]BBN  by  PC-3  prostate 
cancer  cells  incubated  at  37°C  during  2  h.  The  cells  were  pre-incubated  for  2  h  at  4  °C. 
The  data  are  mean  ±  SD  of  the  percentage  of  acid-resistant  (internalized)  radioactivity  in 
the  cells  (2  experiments  in  triplicate). 

Figure  4.  Biodistribution  of  64Cu-DOTA-[Lys3]BBN  in  male  athymic  nude  mice  bearing 
s.c.  PC-3  (AI)  and  CWR22  (AD)  tumors.  Mice  were  intravenously  injected  with  10  pCi 
of  radioligand  and  sacrificed  at  15  min,  30  min,  1  h,  2  h  and  4  h.  The  data  are  presented 
as  mean  %  ID/g  ±  SD  (n  =  4).  Sm  int  =  small  intestine. 

Figure  5.  Receptor  blocking  study:  biodistribution  of  64Cu-DOTA-[Lys3]BBN  at  1  h  time 
point  without  (white  bars)  and  with  (black  bars)  co-injection  of  200  pg  of  BBN  to 
determine  GRP  receptor  specific  binding.  Significant  inhibition  of  activity  accumulation 
in  PC-3  tumor  (p  <  0.001)  and  pancreas  (p  <  0.001)  were  observed.  Data  are  presented  as 
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mean  %  ID/g  ±  SD  in  reference  to  total  injected  dose  of  the  radiotracer  (n  =  4  for  each 
group). 

Figure  6.  Left:  Coronal  microPET  image  of  tumor  bearing  mouse  (PC-3  on  the  right 
shoulder  and  CWR22  on  the  right  shoulder)  1  h  after  administration  of  64Cu-DOTA- 
[Lys3]BBN.  Right:  Digital  autoradiograph  of  the  section  containing  tumors. 

Figure  7.  Kidney,  liver,  PC-3  tumor  and  CWR22  tumor  uptake  comparison  as  obtained 
from  traditional  biodistribution  (n  =  4),  microPET  (n  =  3),  and  autoradiographic 
quantification  (n  =  3).  Quantification  of  microPET  and  autoradiography  revealed  similar 
activity  accumulation  in  both  PC-3  tumor  and  pancreas,  which  were  both  lower  than 
those  obtained  from  biodistribution  study. 

Figure  8.  Transaxial  microPET  images  of  an  athymic  nude  mouse  bearing  PC-3  tumor  on 
the  right  shoulder  1  h  after  tail  vein  injection  of 400  pCi  64Cu-DOTA-[Lys3]BBN  in  the 
absence  (control)  or  presence  (block)  of  co-injected  blocking  dose  of  BBN  (10  mg/kg). 
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Evaluation  of  64Cu-Labeled  [Lys3]Bombesin  as  PET  Tracer  for  Prostate  Cancer 
GRP  Receptor  Imaging 


X.  Chen,  Y.  Hou,  R.  Park,  M.  Tohme,  A.  H.  Shahinian,  J.  R.  Bading,  P.  S.  Conti; 
University  of  Southern  California,  Los  Angeles,  CA. 


Overexpression  of  gastrin-releasing  peptide  (GRP)  receptor  in  both  androgen-dependent 
(AD)  and  androgen-independent  (AI)  human  neoplastic  prostate  tissues  provides  an 
attractive  target  for  prostate  cancer  imaging  and  therapy.  The  goal  of  this  study  is  to 
develop  64Cu-radiolabeled  GRP  analogs  for  positron  emission  tomography  (PET) 
imaging  of  GRPR  expression  in  prostate  cancer  xenografted  mice.  Lys -bombesin 
([Lys3]BBN)  was  conjugated  with  1 ,4,7,1 0-tetraazadodecane-A,  A A ”,N”  ’-tetraacetic 
acid  (DOTA)  and  labeled  with  positron  emitter  64Cu.  Competitive  receptor  binding  assay 


using  PC-3  cells  against  I-[Tyr  ]BBN  revealed  an  IC50  value  of  2.2±0.5  nM  for 
DOTA-[Lys3]BBN.  Incubation  of  the  64Cu-labeled  radiotracer  showed  temperature-  and 
time-dependent  internalization.  The  radiotracer  revealed  higher  uptake  in  AI  PC-3  tumor 
(5.62±0.08  %ID/g  at  30  min  p.i.)  than  in  AD  22Rvl  tumor  (1.75±0.05  %ID/g  at  30  min 
p.i.).  Significant  accumulation  of  the  activity  in  GRPR  positive  pancreas  was  also 
observed  (10.4±0.15  %ID/g  at  30  min  p.i.).  Co-injection  of  blocking  dose  of  [Lys3]BBN 
inhibited  the  activity  accumulation  in  PC-3  tumor  and  pancreas  but  not  in  22Rvl  tumor. 
MicroPET  and  autoradiographic  imaging  of  64Cu-DOTA-[Lys3]BBN  in  athymic  nude 
mice  bearing  subcutaneous  PC-3  and  22Rvl  tumors  showed  strong  tumor-to-background 
contrast.  This  study  demonstrates  that  64Cu-DOTA-[Lys3]BBN  is  able  to  detect  GRPR- 
positive  prostate  cancer  by  PET  imaging.  Further  studies  to  evaluate  the  metabolic 
stability  and  optimization  of  the  radiotracers  for  prolonged  tumor  retention  and  improved 
in  vivo  kinetics  is  currently  in  progress  [This  work  was  funded  by  DOD  Prostate  Cancer 
Research  Program  DAMD17-03-1-0143  (X.C.)  and  NIH  grant  P20  CA86532  (P.S.C.). 
The  production  of  Cu-64  at  Washington  University  was  supported  by  NCI  grant  R24 
CA86307], 


